Introduction
'T'he relation of decreased serum high density lipoprotein cholesterol concentration and increased low density lipoprotein cholesterol concentration to ischaemic heart disease has been established epidemiologically.' Evidence suggests that it is the high density lipoprotein subfraction two (HDLJ) that protects against ischaemic heart disease. 2 Advanced atherosclerosis in man is also characterised by decreased production of prostacyclin in the vascular endothelium3 and increased production of thromboxane A2 by the platelets. 4 It has been suggested that regular physical activity prevents ischaemic heart disease,6 6 but the mechanisms are only partly known. The most convincing evidence for this effect of regular exercise is the increase in serum high density lipoprotein cholesterol concentrations7 8. suggestions concerning the effects of exercise on high concentrations of low density lipoprotein cholesterol as well as on the antiaggregatory and proaggregatory metabolites of arachidonic acid-namely, prostacyclin and thromboxane-have been based on uncontrolled findings alone. We studied the effects of mild regular physical exercise on circulating lipoproteins and metabolites of arachidonic acid in healthy middle aged-men in a controlled randomised clinical trial.
Subjects and methods
We recruited the subjects from a group of 82 clinically healthy male volunteers aged 32-44 who were contacted through an advertisement in a local newspaper and on the radio. The design of the study was explained to them, and they gave their spoken consent. They then underwent medical examination, chest x ray examination, exercise testing, and laboratory examinations. Twenty two men were excluded because they were overweight (body mass index (weight/(height)2)> 27 kg/M2), had a high maximal oxygen consumption (>55 ml/kgx min), or had hypercholesterolaemia (serum cholesterol concentration >7-5 mmol/l (290 mg/100 ml)) or hypertriglyceridaemia (serum triglyceride concentration >2-0 mmol/l (175 mg/100 ml)). The mean (SD) age of the 60 men included in the study was 37 (2) . They were all non-manual workers. The men were asked to keep their dietary and other living habits constant during the study.
After a lead in period of one month baseline laboratory tests were carried out. Blood samples for determining concentrations of lipoprotein and arachidonic acid metabolite were taken, after a 10 hour fast, from 0800 to 1000 with the subjects in a sitting position. The first 2 ml of blood obta:.aed after the venous puncture was discarded; the sample for testing was then taken without a tourniquet. The men were advised not to drink alcohol or take physical exercise in their free time for three days before the samples were taken and not to use nonsteroidal anti-inflammatory analgesics -for seven days before.
A For the analysis of metabolites of arachidonic acid in plasma blood was placed in chilled tubes containing 10 mg disodium edetate and 0-18 mg acetylsalicylic acid/10 ml blood. The plasma was immediately separated by centrifugation at 500 g for 15 minutes at 4°C and then frozen at -20°C until assayed. For the processing of thromboxane B2 in serum 1 ml blood was taken and allowed to clot at 37°C for 30 minutes. After centrifugation at 500 g for 15 minutes at 4"C the serum was frozen at -20°C until assayed. For the extraction of the metabolites of arachidonic acid tracer quantities (about 10 pg) of the corresponding metabolite labelled with tritium were added to the samples to monitor recovery. The samples were acidified to pH 4-0, and Amberlite XAD-2 (BDH Chemicals Ltd) was added. The resin was washed with distilled water until neutral, and the extracted solution and distilled water were discarded. The extraction was at first performed with isopropanol and then with a mixture of isopropanol ethyl acetate and distilled water. The organic phase was removed and stored. Remaining substances were extracted with ethyl acetate. The organic phases were pooled and evaporated under air, and the residue was reconstituted with assay phosphate buffer. The recovery was counted from the resolved extract. Radioimmunoassay of 6-ketoprostaglandin F,5a, prostaglandin E2, and thromboxane B2 was performed by a modification of the double antibody procedure"4 with commercial antiserums (Immunoserums pour RIA, Pasteur Institute). All samples were tested in duplicate. To control for possible abuse of alcohol, y-glutamyl-transferase activity in serum was determined during the study. It remained in the normal range and did not change in either of the groups during the eight weeks of the exercise programme.
STATISTICAL METHODS
The significance of the mean changes in each subject during exercise was tested with the t test for paired samples. The effect of the exercise programme was estimated as the mean difference between values before and after the period of regular exercise in the exercise group less the corresponding difference in the control group (net difference) and tested for significance with the t test, comparing the means of the differences in values before and after the exercise programme between the two study groups. Additionally, estimates of the effect of exercise were tested with the analysis of covariance with an adjustment for the change in weight during exercise. The confidence intervals of the effects of regular exercise were estimated from the standard error of the difference between the values before and after regular exercise in each subject based on t distribution. The partial association of the change in plasma 6-keto-prostaglandin F,a concentration, the main metabolite of prostacyclin, with that in serum HDL2 cholesterol concentration and one potential confounder (body weight) was estimated and tested with multiple least squares regression analysis of the statistical package for the social sciences.'5 All statistical inferences were based on two tailed tests.
Results
Before the start of the exercise programme there was no difference in mean body weight, body mass index, maximal oxygen consumption, serum lipoprotein concentrations, or concentrations of any of the prostaglandins between the two groups (tables I and II). Over the eight week study period mean body weight decreased by 1 5 kg in the exercise group, the effect of exercise being 20/0, and maximal oxygen consumption increased by 0-24 1/min (an effect of 7%o) (or 4-2 ml/ kg x min (9°o)) in the exercise group. TABLE I-Mean body weight, body mass index, and maximal oxygen consumption in exercise and control groups initially and after eight weeks, and net differences between means Conversion: SI to traditional units-Cholesterol: lmmol/l z 38-7 mg/100 ml. 6-Keto-prostaglandin F,a: I pmol/l 0-037 pg/100 ml. Prostaglandin E,: 1 pmol/l 0-035 pgJ100 ml. Thromboxane B, 1 nmol/l z 0-037 ng/100 ml. The low density lipoprotein cholesterol concentration decreased by 0-4 mmol/l (15 mg/100 ml) (11o) in the group taking exercise, the crude effect of the exercise programme being 130% and, after allowing for the weight change, 9% (p 0-05). The HDL2 cholesterol concentration rose by 0-28 mmol/l (11 mg/100 ml) (49%/) in the exercise group but also by 0-1 mmol/l (3-9 mg/100 ml) (190' ) in the control group; the effect of exercise was 27%. When the change in weight over the study was allowed for the effect of exercise still reached 26% (p=0-001). The HDL, cholesterol concentration decreased by 0-13 mmol/l (5 mg/100 ml (250/) in the test group, the effect of exercise being 29%, and 31'S, (p<0-001) when the change in weight was allowed for.
The plasma 6-keto-prostaglandin FPi concentration increased by 52 pmol/l (19-2 pg/ml) and serum thromboxane B, concentration (produced by platelets) decreased by 249 nmol/l (92-1 ng/ml) in the exercise group during the exercise programme. The estimated effect of regular exercise was 1% for 6-keto-prostaglandin Fl5, 14% for prostaglandin E,, and 12% for serum thromboxane B2 when the weight change was allowed for. None of these estimates was significant. The increase in plasma 6-keto-prostaglandin F15 concentration had a significant positive partial regression on the increase in serum HDL2 cholesterol concentration in the group taking regular exercise (table   III) . Thus plasma 6-keto-prostaglandin Fl. concentration increased more in the subjects taking regular exercise whose serum HDL2 cholesterol concentration also increased. After the change in weight was controlled for, the change in HDL, cholesterol concentration accounted for 27% of the change in 6-keto-prostaglandin F,, concentration in the multiple regression model in the exercise group. The change in body weight did not have any significant independent association with the change in 6-keto-prostaglandin F,5 concentration.
Discussion
Our study shows that mild but regular physical activity influences serum concentrations of high density lipoprotein cholesterol by increasing the HDL2 and reducing the HDL, subfractions in healthy middle aged men. In addition, the increases in 6-keto-prostaglandin F,e concentration, the main metabolite of prostacyclin, and HDL, cholesterol concentration appear to be parallel during exercise. These and the decreased low density lipoprotein cholesterol concentration suggest that aerobic exercise has a beneficial effect.
The considerable increase in HDL, cholesterol concentration in our study agrees with a previous finding of an increase in HDL, mass concentration associated with jogging for at least eight miles each week. 8 Our study shows that physical exercise does not necessarily have to be strenuous to modify the distribution of serum lipoproteins; the changes in serum lipoprotein concentrations in our exercise group were probably a consequence of increased physical activity. Only a small part of the increase in HDL, cholesterol concentrations and reduction in HDL, and low density lipoprotein cholesterol concentrations may be explained by the decrease in body weight. Furthermore, the changes in serum lipoprotein concentrations in the exercise group cannot to any appreciable degree be attributed to dietary changes. To reduce the high serum concentration of low density lipoprotein cholesterol typical in eastern Finland by dietary means a considerable reduction in saturated fat intake is required, but such a reduction leads to a decrease in high density lipoprotein cholesterol concentration as well.18 In addition, it has been found that after a one year programme of moderately intensive jogging there was no change in food intake, even though body weight had decreased slightly. 8 Prostacyclin and thromboxane are two important prostaglandins that have counteracting effects on the vascular bed. Prostacyclin has a vasodilatory effect and is a potent inhibitor of platelet aggregation, and thromboxane A, is a proaggregatory agent. 3 4Aerobic exercise seems to be associated with increases in vasodilatory prostaglandins in the circulation,'7 but anaerobic and exhaustive physical exercise promote the dominance of the proaggregatory thromboxane.'8-2" During a short treadmill running exercise thromboxane B, concentrations increased and stayed raised transiently after exercise but 6-keto-prostaglandin FPi concentrations did not change.2" The long term importance of such acute effects of exercise on metabolites of arachidonic acid is not known.
Our study shows the effect of physical exercise on the main metabolites of arachidonic acid, but this effect seems mostly to be mediated by a reduction in weight. There was, on the other hand, a positive association between the increases in 6-keto-prostaglandin F15 and HDL2 cholesterol concentrations in the group taking regular physical exercise. This indicates that HDL, 605 cholesterol contributes to the metabolism of prostacyclin. These changes together could partly mediate the preventive potential of regular physical exercise against ischaemic heart disease. It has been shown that high density lipoprotein stimulates and low density lipoprotein inhibits synthesis of prostacyclin in vitro. [22] [23] [24] [25] The association between the main metabolite of prostacyclin and HDL2 cholesterol in the present study also accords with the suggested stimulatory effect of high density lipoprotein production of prostacyclin. We conclude that regular aerobic exercise of only mild intensity has favourable effects, at least for a short time, on some of the biochemical risk factors for ischaemic heart disease in healthy middle aged men. Exercise has its most pronounced effect on serum lipoproteins, especially as an increase in serum HDL2 concentration and a decrease in HDL, and low density lipoprotein cholesterol concentration. 
